The chemiluminescence ascribed by Jonah and Zare to radiative association of Ba and Cl 2 is examined in light of the electronic structure .of the ground and excited states of alkaline earth dihalides. A simple discussion is .first given in terms of the possible curve crossings and avoided crossings.
INTRODUCTION
The quest for a detailed understanding of the dynamics of molecular collisions has led to the development of several rather sophisticated experimental technique~.l· Of these techniques one of the most promising is that of crossed-beam chemiluminescence, as developed by Ottinger and Zareo 2 As the name implies, the goal of this type of experiment is to observe product molecule emission spectra following a reaction carried out under well-defined single collision conditions. Perhaps the most interesting results obtained to date with this technique involved collisions between Ba and Cl 2 • Based on their experimental findings, Jonah andZare 3 concluded that "the major source of chemi.lumihescent light is the two-body radiative association process
* "
Ba + C1 2 --> BaC1 2 + hv
The reason for particular interest in this process is that bimolecular association reactions are normally considered highly im:Probable unless a third body is available to carry away the excess energy. If the interpretation of Jonah and Zare is correct, then the excess energy in the Ba + Cl 2 asso9iation
js "carried away" by a photono
The purpose of the present paper is to examine the work of Jonah and Zare in terms of the electronic structure the ground and excited states of the alkaline earth dihalides. Potential surfaces for the states of interest are first discussed from a simple empirical viewpoint. These simple ideas are then examined in light of a series of ab initio calculations on CaF 0 An alternate route for the disposal of this energy would be the formation of
•
The radiative association process of Jonah and Zare can only (in the + -simplest picture) occur if the molecule does not switch from the Ba c1 2 to the ++ = Ba c1 2 surface at the point of the above-discussed second crossing. The probability of this favorable path being followed is P 1
passes through this second avoided crossing, it finds itself in the bound (with
t .. : : :
,, states will be given simply by the Coulomb attraction. We will assume that the covalent curve remains flat (V = 0) until after it is crossed by both of the ionic curves. The two erossing points will then be Table I and Fig. 2 .
Perh.aps the most unusual feature revealed in Fig. 2 and an F population of 0.002 electrons. Inspection of the wave function shows that the 10a 1 orbital is roughly 67% Ca 4s and 30% Ca 4po The significant amount of 4p character is a bit surprisingo Finally, the calculated electric dipole moments (Table I) Figure l1 is not intended to be a quantitatively correct picture of the interaction between Ca and F 2 ; its purpose is rather to show that the simple qualitative ideas discussed earlier are essentially correct. One specific point worth noting is that the Ca + F 2 curve is repulsive by "" 0.3 eV ' ++ = when it is crossed by the Ca F 2 curve" It should also be mentioned that these curves would be significantly altered if the F 2 equilibrium separation ( 2.68 bohrs)
had been used. In reality of course, the F-F separation will be changing as ... 
r------------------LEGALNOTICE---------------------.

